Abstract Though extrapulmonary small cell carcinoma was first described over 80 years ago, definitive treatment recommendations are lacking. The treatment strategies commonly utilized are extrapolated from pulmonary small cell carcinoma experience. A better understanding of this entity is needed to improve management approach. The University of Kansas tumor registry was reviewed from 1990 to 2013. Thirty-five cases met the inclusion and exclusion criteria for review. Age, gender, smoking status, weight loss, metastatic disease-related data, stage, performance status (PS), treatment received, and survival data were collected. Patients were evaluated with a variety of primary locations of disease including GI tract (29 %), GU tract (35 %), Gyn organs (17 %), head and neck (14 %), and unknown primary (9 %). Several sites of metastatic disease were noted, with 57 and 43 % of patients meeting criteria for limited disease (LD) and extensive disease (ED), respectively. Chemotherapy, surgery, and radiation were used in several different regimens, with small cell lung cancer-type regimens incorporating a platinum and etoposide being the most common (74 %). Patients with LD had a median survival of 36 months compared with 5 months in patients with ED (p \ 0.0001). Among different primary sites, patients with GU and Gyn LD tumors had best median survival of 36 months. Among other variables that were examined with respect to their poor prognostic significance, PS [2 (p = 0.001) and one or fewer number of treatment modalities especially in LD (p = 0.0005) were found to be associated significantly with mortality. GI and GU tract tumors were the most common primary sites of disease in our retrospective review. Survival varied according to stage, PS, site of primary disease, use of chemotherapy, and number of treatment modalities used. Further studies are needed to better understand this rare disorder and optimize management approach.
Introduction
Extrapulmonary small cell carcinoma (EPSCC) has been a rare and challenging disease entity to manage for over 80 years. Oat cell carcinoma of the mediastinal glands was first described as a distinct clinicopathologic disease entity in 1930-1934 years after small cell carcinoma of the lung had been described-and since that time, its presence has been increasingly recognized [1] [2] [3] . Though small cell carcinoma makes up 20-25 % of bronchogenic carcinomas, primary sites outside the lung are much more rare [4] . Many different extrapulmonary sites can be involved, with the GI and GU systems being the most common [1] . Within the GU tract, the bladder and prostate are frequently affected, with the first case of bladder primary described in 1981 [5] . Within the GI tract, these tumors may originate from the oropharynx, salivary glands, parotid glands, colon, rectum, pancreas, or esophagus. Esophageal primary tumors are more often described in Japanese literature [6] .
The incidence of EPSCC in North America is estimated to be in the range of 0.1-0.4 %, making it account for approximately 1 in 20 cases of small cell [1, [7] [8] [9] . Much like pulmonary small cell carcinoma, EPSCC has an aggressive natural history with dissemination typically occurring early and with a high rate of recurrence or relapse [2] . Survival rates in EPSCC are low, with a mean duration of survival for all stages of around 20 months and a 5-year overall survival (OS) as low as 8.1 % [5] .
Because of its low incidence, treatment recommendations for EPSCC have originated from case reports, single institution case series, or the extrapolation of results from pulmonary small cell trials [1, 7, 9] . No consensus guidelines exist and further work is needed to improve our understanding of the best way to manage these patients. Multimodality therapy has made a survival improvement in small cell lung cancer, where radiation therapy has been added to traditional chemotherapy regimens resulting in a 5 % improvement in OS and response rates of 50-85 % [10] .
We performed this study to review the clinical features, characteristics, and natural disease course of patients at our tertiary referral center over the past 23 years.
Patients and methods

Patient selection and data collection
The study protocol was approved by the Institutional Review Board at The University of Kansas. Medical records for all patients diagnosed with EPSCC over the past 23 years were reviewed. The patients were identified using the University's tumor registry, and an initial list of 42 extrapulmonary patients was created from a total of 321 patients overall who had a small cell carcinoma of any primary site. Pulmonary primary tumors made up 279 of the 321 cases (87 %). Five patients were excluded from the initial list due to lack of pathologic confirmation of small call histology during chart review, and two were removed due to insufficient information. For the remaining 35 patients, the following data were collected for each patient: age, gender, ECOG performance status (PS), anatomic location, smoking history, documentation of weight loss, number and location of metastatic sites, stage (limited or ED), specific chemotherapy given, surgical or radiation therapy management, use of PCI, and survival information, if available.
Diagnostic workup
Charts were reviewed to establish documentation of workup for a primary pulmonary etiology when appropriate, including chest X-ray or CT scan. Diagnosis was confirmed by histology, morphology, and/or immunohistochemistry.
Staging
Patients were excluded if a pulmonary primary site was diagnosed. Patients were classified as LD or ED using the Veteran's Affairs Lung Study Group two-stage system [7, 11] . In this system, tumors are defined as limited stage if confined to a single-radiation therapy treatment port and as extensive stage if they are spread beyond locoregional boundaries [12] . Patients with liver or bone metastasis were staged as having ED.
Statistical analysis
Kaplan-Meier survival estimates and log-rank tests were used to compare survival between limited and extensive stages of disease and to investigate the association of other possible prognostic factors with survival. SAS Ò version 9.3 was used for all analysis. An a priori significance level of 0.05 was used to identify significant associations.
Results
Patient characteristics
The patients in the study were predominantly male (66 %) and had a median age of 68 years (range 25-87 years). Nineteen patients (54 %) had a documented history of tobacco use. ECOG PS was documented for 14 patients, with 11 (79 %) having a PS of 0-1 at the time of diagnosis (Tables 1, 2 ).
Primary site of disease
The anatomic location of the primary disease varied in this series of patients as anticipated. Eleven of the 35 cases (31 %) originated from the GU tract, including the bladder, kidney, ureter, prostate, and urethra. Ten cases (29 %) originated from various locations in the GI tract including the colon, rectum, pancreas, and esophagus. Six cases (17 %) arose from the female reproductive organs, including the cervix, ovary, and Bartholin's glands. Five cases (14 %) were considered head and neck primary tumors from the base of tongue, nasopharynx, maxillary sinus, thyroid, and parotid. Three cases (9 %) were deemed to be from an unknown primary source. Pulmonary primary disease was excluded for all 35 cases including the three with unknown sources (Table 1) .
Metastasis and stage
Fifteen (43 %) patients had metastatic disease at the time of diagnosis, with the liver being the most common site of metastasis (9 of 15 cases, 60 %). Other sites involved in smaller numbers were the brain (1, 7 %), bones (3, 20 %), lung (1, 7 %), and mesentery (1, 7 %). The mean number of sites of metastasis was 1.7, with only 6 of the 35 cases presenting with[1 site of metastasis. Using the VA 2-stage system, 20 cases (57 %) were classified as LD and 15 (43 %) were classified ED [11] (Table 2 ).
Treatment and survival of patients with EPSCC
Treatment regimens were reviewed to assess whether chemotherapy, surgery, radiation, or prophylactic cranial irradiation were used ( Table 3) . The results showed 23 of the 35 patients (66 %) received some form of chemotherapy. The most commonly used chemotherapy regimens included etoposide combined with either cisplatin or carboplatin in 17 (74 %) of the 23 patients. Other less frequently used chemotherapeutic agents included cyclophosphamide, paclitaxel, gemcitabine, topotecan, doxorubicin, vincristine, and docetaxel. Surgical excision of the primary tumor was done in 11 of the 35 cases (31 %). Of the cases treated with surgical resection, 9 of the 11 (82 %) were staged as LD. Fifteen patients (43 %) were treated with radiation therapy and an additional three patients were treated with prophylactic cranial irradiation with or without definitive radiation. The stage of disease in the patients treated with radiation was nearly equal with 9 LD patients and 7 ED receiving some form of radiation. Interestingly, there were three patients in the cohort who were treated with radiation alone and did not receive chemotherapy or undergo surgical resection.
At the time of this analysis, 9 (26 %) patients were confirmed to be living, with the longest survivor being 13 years removed from diagnosis. All nine of the living patients had been diagnosed with LD, and 8 of the 9 were treated with chemotherapy plus either surgery or radiation.
Prognostic variables
The median duration of survival for the cohort was 13 months (95 % CI = 7, 36 months). Kaplan-Meier survival curves comparing LD to ED patients reveal a clear survival benefit in favor of LD (p \ 0.0001, Fig. 1 ). The median survival for LD patients was approximately 36 months, compared to a 5-month median survival for ED patients. Primary site location was also found to be significantly associated with survival (p = 0.01). Patients with gynecologic primary sites were all classified as LD and appeared to have the best survival prognosis, with a median survival of 36 months (95 % CI lower bound = 14 months). Similarly, genitourinary primary cases were predominantly classified as LD (7 of 11 cases, 64 %) and had median survival of 36 months (95 % CI lower bound = 2 months), but the risk of death appeared to be slightly greater earlier on these patients when compared to those with a gynecological diagnosis (Fig. 2) . Head and neck patients (3 out of 5 LD, 60 %) had a median survival of 17 months (95 % CI lower bound = 5 months) versus 6.5 months for gastrointestinal disease (95 % CI 0.1, 13 months), 60 % (6 of 10) of which were ED. All three cases with unknown primary site diagnoses were classified as ED and had a median survival of 3 months (95 % CI 0.25, 12 months). Other studies on the subject of extrapulmonary small cell cancer have shown a similarly poor survival for patients with a GI primary site [2] .
Fewer treatment modalities were found to be highly associated with shortened survival, both in the overall sample (p = 0.0021) and within the disease cohorts (p = 0.03 in ED, p = 0.03 in LD) (Fig. 3 ). In patients with ED, patients with more than one modality had a median survival of 12 months (95 % CI 4, 36 months), compared to 3.5 months (95 % CI 0.1, 7 months) for patients with one or fewer modalities. In LD, the number of treatment modalities was found to be highly associated with survival (p = 0.0005). Patients who received at least two modalities had a median survival of 65 months (95 % CI lower bound = 14 months), compared to 17 months (95 % CI lower bound = 2 months) for those with one or fewer modalities.
Chemotherapy was found to be associated with prolonged survival, both overall (p \ 0.0001 and within disease stage (p = 0.007 in ED, p = 0.003 in LD) (Fig. 4) . LD patients receiving chemotherapy showed longest median survival at 65 months (95 % CI lower bound = 14 months); LD subjects not receiving chemotherapy survived an average of 7 months (95 % CI lower bound = 2 months) and were not significantly different from subjects who did receive chemotherapy but had ED (median survival 11 months, 95 % CI 2, 18 months). ED patients not receiving chemotherapy had the shorted median survival at 3 months (95 % CI 0.1, 5 months).
ECOG PS was also found to be a significant prognostic factor among the 14 patients who had a documented PS in their chart (p = 0.001). This result is not surprising, as PS-like the VA's Lung Study Group two-stage system used to stage the disease-is a measure of disease severity. Patients with a good PS (0 or 1) were classified more frequently as having LD (8/11, 73 %) and had median survival of 35 months, compared to 1 week for those patients with PS of 3 or 4 (Fig. 5) .
Discussion
EPSCC remains a challenging disease to treat and equally challenging to study due to the small number of cases, which prohibits the development of large, randomized clinical trials. Recommendations are often extrapolated from our experience with pulmonary small cell cancer, making case series like this one important for furthering our understanding of the optimal management strategies [1] . The disease can involve several primary sites making generalized treatment recommendations even more challenging [4] . In our review of 35 patients, the most common primary sites of disease were the GU and GI tracts at 31 and 29 %, respectively, followed by gynecologic (17 %), head and neck (14 %), and unknown primary (9 %). A Canadian case series reported primary disease sites comprising of breast (9 %), GI (20 %), GU (18 %), gynecologic (11 %), head and neck (10 %), thymus (2 %), and unknown primary site (31 %) [12] . The difference in geography, population, and the more number of unknown primary sites in the Canadian series may account for the different frequencies of primary sites when compared to our series. Overall, the GI and GU tracts appear to the most common primary sites. The male-to-female ratio was approximately 2:1, which was comparable but slightly higher in favor of males than previously published case series [1, 3, 4, 12] .
A unique staging system does not currently exist, but in most reports the VA 2-stage system has been used and the disease is classified as LD or ED. This series included slightly more LD (57 %) patients compared to ED (43 %). This is comparable to the reported incidence of LD (51 %) versus ED (50 %) in the Canadian series [12] . For patients with ED, the general principal of treatment has involved using systemic chemotherapy with a doublet including a platinum salt and etoposide. Carboplatin and etoposide were the most common regimens described in the studies reviewed, and the most common combination in our series (used in 45 % of patients receiving chemotherapy). The second most common regimen used was cisplatin and etoposide, which was used in 40 % of chemotherapy treatments. Response rates have historically been reported as high as 69 % [13] and 71 % [12] . Radiation was also used in 43 % of the patients in this series. 31 % of patient in the Canadian series received RT [12] . Examination of prognostic factors suggests that patients with more treatment modalities have improved OS, and this is particularly true in ED where those receiving one or fewer have survival of \1 month. This case series is limited by its small sample size-as is the case with all studies of this kind-so drawing definitive conclusions about this association is challenging. There is also a clear bias toward healthier, younger patients with better PS being able to tolerate more aggressive therapy, but it seems fair to conclude that for those ED patients who can tolerate combination therapy it should typically be offered.
For LD patients, previous publications have looked at the survival of patients undergoing surgery alone, but the high rate of local or systemic recurrence has frequently led to the addition of adjuvant chemotherapy or radiation, or both. Two patients in our series were treated with surgery alone, with one patient dying at 2 months and the other patient alive at 29 months out from diagnosis. Thirteen of the 20 patients (65 %) received combination therapy with 2 or 3 modalities utilized; 26 % of patients in the Canadian series underwent combined modality treatment [12] .
Significant prognostic factors included stage of disease, ECOG PS, site of primary disease, use of chemotherapy, and number of modalities of therapy used, none of which are surprising. However, these results substantiate our prestudy hypothesis. Likewise, the Canadian series found that stage and ECOG PS were significant prognostic factors [12] . However, in the Japanese series chemotherapy (cisplatin based) but not stage of disease was reported to be prognostic in a Japanese series of 45 renal EPSCC patients [14] . As anticipated, most of the chemotherapy patients were treated with a small cell lung cancer type of regimen containing etoposide and a platinum. Those patients with a better PS, less metastatic sites of disease, and the ability to undergo a surgical procedure most likely were able to tolerate more extensive treatment; thus, OS is likely confounded by the extent of disease. This is a major limitation of a small case series study such as this one, but designing an adequately powered randomized trial would present significant challenges in such a rare disease entity.
In patients with ED, patients with more than one modality had a median survival of 12 months compared to 3.5 months for patients with one or fewer modalities. In a Canadian series, the median survival for ED was 2 months (range 0.1-108 months) and no statistically significant difference was observed when treated with one or fewer modality vs more than one modality [12] . In LD, patients who received at least two modalities had a median survival of 65 months, compared to 17 months for those with one or fewer modalities. In the Canadian series, the median survival for LD was 34 months (range 0.2-276 months) and CR rates were higher when treated with more than one modality (88 %) vs one modality (77 %). However, this did not translate into a statistically significant difference in survival when treated with one or fewer modality vs more than one modality [12] . In a case series comprising of Head & Neck LD EPSCC patients (n = 12) from University of Miami, the median disease-specific survival time was 22 months (95 % CI, 2.6-30) in the radiotherapy or radiotherapy/chemotherapy group (n = 8) and was not attained in the other group (n = 4). The 1-year diseasespecific survival rate was 73 % in the radiotherapy or radiotherapy/chemotherapy group compared with 67 % in the other group [15] .
EPSCC arising from various primary sites exhibits different tumor biology and hence has been associated with different outcomes. Head and neck patients in our series (3 out of 5 LD, 60 %) had a median survival of 17 months (95 % CI lower bound = 5 months). This is comparable to a median survival of 15.2 months reported in a case series of Head & Neck LD EPSCC patients (n = 12) from University of Miami. Interestingly, patients with parotid cancer (n = 4) were found to have a longer median survival of 30 months [15] . The OS was 30 months in one patient with parotid cancer in our series as well. Head and neck patients in the Canadian series (9 out of 10 LD, 90 %) had a relatively longer median survival of 24 months but individual primary site information was not available.
In our series, patients with GI primary site were associated with median survival of 6.5 months and 60 % (6 of 10) of which were ED. The Canadian series reported median survival of 4.4 months in patients with GI primary site and 60 % (13 of 20) were staged as ED [12] . Other studies on the subject of EPSCC have shown a similarly poor survival for patients with a GI primary site [2, 16] .
Patients with gynecologic primary sites in our series were all classified as LD and appeared to have the best survival prognosis, with a median survival of 36 months. This trend was similar to the Canadian series where patients with gynecologic primary sites (n = 11) were all staged as LD and had the best prognosis with median OS of 54.4 months [12] . As observed in our series, patients with cervix EPSCC have the most favorable outcome. Previous series have reported a 3-year OS of 60 % with in patients with cervix EPSCC [17] .
In our series, one patient with renal EPSCC survived for 10 months, which is comparable to a median survival of 9.9 months (range 6.9-31.6) reported in a Japanese series of 45 renal EPSCC patients [14] . All three cases with unknown primary site diagnoses in our series were classified as ED and had a median survival of 3 months, which is comparable to the reported dismal median survival of 2.5 months in the Canadian series [12] .
In summary, EPSCC remains a difficult disease to treat without clearly defined therapy guidelines. In reviewing the literature and examining the experience of our institution in treating these patients, we were able to better define some of the factors that appear to have prognostic significance. When staging patients using the VA 2-stage system, we can begin to recognize trends in how the disease has historically been treated. The therapies provided at our institution were generally in line with those historical methods. For LD patients, we would recommend surgical resection when possible with the addition of adjuvant chemotherapy and or radiation depending on site of disease and likelihood of local recurrence or distant spread. In the ED setting, use of small cell lung cancer regimens of etoposide and a platinum agent in combination with radiation therapy appears to benefit patients over next less-intensive therapy. More data are clearly needed to further our understanding of the optimum management of EPSCC, and our hope is that randomized trials can eventually be developed to more objectively assess the effects of adding the various treatments at our disposal. For now, the management of this entity continues to be a significant challenge for the treating physician with a generally poor prognosis for the patients.
